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INFLUENCE OEEORAGINGANDROOSTINGBEHAVIORON
HOME-RANGESIZE ANDMOVEMENTPATTERNSOF

SAVANNAHSPARROWSWINTERINGIN SOUTHTEXAS

DANIEL L. GINTERi ANDMARTHAJ. DESMOND^^

ABSTRACT.—We used radio telemetry to examine Savannah Sparrow (Passerculus sandwichensis) home-
range size and foraging and roosting behavior on Padre Island National Seashore in south Texas during January

and February, 2002 and 2003. Savannah Sparrows maintained fixed home ranges in winter. Mean home-range

size (95% Kernel Home Range [KHR]) was 9.1 ha with a mean core area (50% KHR) of 0.9 ha. Within home
ranges, mean foraging and roosting areas were 5.6 and 6.6 ha, respectively. Three distinct habitat types were

used by Savannah Sparrows on the island: foredunes (adjacent to the ocean), interior grasslands, and lagoons.

Birds using the foredunes had significantly larger home ranges and traveled longer distances between their

foraging and roosting locations, always moving inland to roost. Roosting and foraging areas overlapped less for

these birds (20%) compared with the overlap for birds found in interior grasslands (45%) and lagoons (55%).

The greater distance traveled to roost sites by birds foraging in the foredune habitat appeared to be related to

increased exposure in that habitat type. Savannah Sparrows selected foraging areas with less vegetative biomass

and more bare ground than random sites. Roost sites had greater total (live) cover than foraging and random
sites. Savannah Sparrows foraged alone or in loose aggregations with conspecifics. Birds roosted alone or in

aggregations of up to 30 individuals. Savannah Sparrows often roost outside of their foraging areas; this study

draws attention to differences in space use for roosting and foraging Savannah Sparrows. Although Savannah
Sparrows maintained relatively small home ranges, they occasionally moved at larger spatial scales, suggesting

a need for intact grassland patches much larger than the average home-range size. Received 18 February 2004,

accepted 6 December 2004.

The relationship among foraging- and
roost-site selection, behavior, and home-range
size is not well understood for non-breeding

emberizid sparrows. This is related, in part, to

the small size, cryptic coloration, and nomadic
nature of some members of this group. The
degree of nomadic behavior varies among
species and possibly within and among re-

gions (Gordon 2000). In Arizona, where seed

abundance can vary substantially among
patches and winters, Gordon (2000) found that

four species of emberizid sparrows all tended

to occupy fixed home ranges during the winter

period, with the wSavannah Sparrow {Fasser-

culus sandwichensis) exhibiting the greatest

variation in movcFiicnt patterns. Gordon
(2000) found that local movement patterns of

wSavannah wSparrows differed between study

sites.

There is little evidence of .Savannah .Spar-

row fidelity to wintering grounds, and move-
ment patterns appear to be variable (Odum
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and Hight 1957, Wheelwright and Rising

1993, Gordon 2000, Ginter 2004). Under-

standing factors that contribute to variation in

the extent of this sparrow’s movements is im-

portant for its management and conservation

on wintering grounds. Using flush-netting

techniques, Odum and Hight (1957) found

that winter home-range sizes in Georgia var-

ied from 6 to 60 ha. Gordon (2000) did not

estimate home-range sizes, but found that Sa-

vannah Sparrows in southeastern Arizona

tended to remain within a fixed home range

and moved an average distance of 186 m be-

tween consecutive locations. Using flush-net-

ting, Gordon (2000) detected sedentary be-

havior at one site and high mobility at another.

Intraspecific differences in behavior may re-

sult in variation in response to capture using

flush-netting (Gordon 2000, Ginter 2004). Ra-

dio-telemetry may pro\ ide a better estimate of

movement patterns and the degree of seden-

tary behavior.

Variation in movement patterns may be re-

lated to (he distribution of seed resources

across the laiulscapc, predator axoitlance. or

the distribution of suitable foraging and roost-

ing habitat. Other studies have found winter

sparrow abundance to be correlated \\ ith seed
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production, suggesting that sparrows track re-

source abundance (Pulliam and Parker 1979,

Grzybowski 1982). Unlike more sedentary

grassland sparrows, such as Grasshopper {Am-

moclrarnus savannarum), Baird’s {A. bairdii),

Henslow’s (A. henslowii), and Cassin’s spar-

rows {Airnophila cassinii) that forage within

dense grass cover (Pulliam and Mills 1977,

Plentovich et al. 1999, Gordon 2000, Carrie

et al. 2002), Savannah Sparrows have been

observed to forage in open areas with little

cover (Grzybowski 1982, Lima 1990, Lima
and Valone 1991). Lima and Valone (1991)

suggest that predator avoidance is an impor-

tant aspect of foraging-site selection for grass-

land sparrows. Through experimental manip-

ulation, they found that the availability of cov-

er changes the composition of the winter avian

community. Savannah Sparrows seem to for-

age within a matrix of open areas and denser

cover (Watts 1991). Although little is known
of Savannah Sparrow roost-site selection,

most avian species are thought to select winter

roost sites with greater vegetative cover due

to enhanced microclimate and predator pro-

tection (Walsberg and King 1980, Buttemer

1985). We hypothesized that Savannah Spar-

row foraging and roosting habitats would dif-

fer, and that the distribution of these habitats

would contribute to variation in movement
patterns. Movement patterns may also be re-

lated to seed abundance and we predicted that

home-range size would be inversely correlated

with seed abundance and biomass.

METHODS
Study area . —Weconducted our study along

the Texas coast on Padre Island National Sea-

shore. North Padre Island is a long, narrow

barrier island approximately 120 X 4 km
(Wiese and White 1980), and is characterized

by strong, moisture-laden gulf winds (Drawe
et al. 1981). Winter temperatures rarely drop

below freezing (Drawe and Kattner 1978).

Unlike other coastal barrier islands in the Gulf

of Mexico, Padre Island has a distinct grass-

land component; woody vegetation accounts

for less than 0.2% of the plant community
(Negrete et al. 1999). The interior grasslands

are dominated by little bluestem {Schizachyr-

ium scoparium littorale), gulfdune paspalum

(Paspalum monostachyum), and bushy blue-

stem (Andropogon glomeratus). Upland dune

habitats are characterized by seaoats (Uniola

paniculata), beach morning-glory (Ipomoea
imperati), and partridge pea (Chamaecrista

fasciculata). Dominant plants found in and ad-

jacent to freshwater marshes are gulf cord-

grass (Spartina patens), bulrush (Scirpus pun-

gens), and spikerush {Eleocharis flavescens).

Primary plants in saltwater marshes are halo-

phytic, including shoregrass {Monant hochloe

littoralis), saltgrass (Distichlis spicata), glass-

wort {Salicornia bigelovii), beachwort (Batis

maritima), and sea-ox-eye (Borrichia frutes-

cens) (Hatch et al. 1999).

Radio telemetry . —We captured birds in-

mist nets at 7 sites in 2002 and 1 1 sites in

2003 across the northern 32- X 4-km section

of the island. Radio transmitters were placed

on 57 Savannah Sparrows during January and

February of 2002 and 2003 (21 in 2002 and

36 in 2003). We fitted birds with 0.72-g BD-
2 transmitters (Holohil Systems, Ontario, Can-

ada; 4. 0-4. 5%of body weight; mean life span

= 26.6 days ± 0.9 SE, range = 21-37 days).

We attached transmitters using the leg-back

harness technique (Rappole and Tipton 1991).

Harness fit was evaluated for each bird prior

to release by placing the bird in an enclosure

and observing its movements. If a bird’s

movements were restricted, the transmitter

was removed and the bird was released (C. E.

Gordon pers. comm.).

Initially, we attempted collecting data at a

minimum of four foraging and three roosting

locations per week for each bird; however, in

2003 we increased the number of locations be-

cause our 2002 data were insufficient for an-

alyzing home-range sizes of most birds. Data

on foraging locations were collected between

07:00 and 17:00 CST, whereas data on roost-

site selection were collected between 20:00

and 05:00. We located most birds visually. If

a bird appeared to respond to the observer’s

presence before being observed, we used the

strength of the radio signal to mark its initial

position (Vega Rivera et al. 2003). For each

radio-tagged Savannah Sparrow, we recorded

whether it was solitary or found in a flock,

and we recorded whether the flocks were sin-

gle- or mixed-species flocks. We did not re-

cord the number of individuals within flocks

due to difficulty in determining flock mem-
bership. Roosting Savannah Sparrows re-

mained stationary when approached and we
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tried to avoid flushing them. If we flushed a

radio-tagged sparrow from its roost site, we
recorded the number of individuals in close

proximity (within a 2-m radius) to the radio-

tagged bird. All locations where birds were

first observed were marked in UTMcoordi-

nates with handheld Garmin GPS units.

We examined Savannah Sparrow use of

three distinct habitat types within specific geo-

graphic areas on the island: (1) foredunes,

which separate the beach front from the inte-

rior habitats; (2) interior grasslands; and (3)

the edge of the lagoon (Laguna Madre). We
classified radio-tagged Savannah Sparrows by
habitat type and calculated foraging and roost-

ing areas for each habitat. We calculated the

distance from the center of the bird’s estimat-

!

ed foraging area to each nocturnal roost lo-

cation to determine the mean distance traveled

between foraging and roost sites. Wealso cal-

t culated the percentage of the roosting home
range that overlapped with the foraging area.

Habitat measurements . —Over the two win-

I
ters, we measured the structural characteristics

j

of the vegetation at five randomly selected

i
foraging locations per bird {n = 46 Savannah
Sparrows), five roosting locations per bird {n

= 44 Savannah Sparrows), and at paired ran-

dom points. Random locations were selected

I

by choosing a random azimuth (0-360°) and
' a random distance between 0 and 50 m; we

used the foraging and roosting locations as

I

center points and the algorithm suggested by
Skalski (1987) to correct for bias when sam-

i

pling in circular plots. A visual obstruction

reading (VOR, an index of vegetation bio-

mass), was taken using a Robel pole at each

I location with four readings per point (Robel

et al. 1970). A Daubenmire frame (20 X 50
cm) was used to estimate percent grass, forb,

litter, woody, and total (all live vegetation)

cover and bare ground (Daubenmire 1959).

We measured maximum height of grass and

forbs (the tallest plant in each frame) and the

depth of horizontal vegetation within the Dau-

benmire frame (Desmond 2004).

In 2003, we quantified seed abunckmcc and

I

biomass by collecting surface soil samples at

10 foraging locations and 10 randomly se-

lected paired points for nine Savannah Spar-

;
rows selected randomly from our radio-tagged

birds. Random points were selected using the

same criteria outlined above. We collected

four subsamples at each location and each ran-

dom point. The four subsamples were chosen
randomly from within a 1-m radius. We
placed an 8.6-cm-diameter metal hoop on the

ground and scooped the soil from inside the

hoop to a depth of 0.8 cm for a total of 46.4

X 4 cm^ of soil per sample. This technique is

a modification of the method used by Grzy-

bowski (1982). Samples were placed in la-

beled bags and dried at 50° C for approxi-

mately 24-48 hr.

To analyze seed samples, a hydropneumatic
root elutriator was used to separate inorganic

from organic material (Gross and Renner
1989). Seeds were separated from the remain-

ing organic material using tweezers and a lOX
magnification microscope (Pulliam and Brand
1975). Seeds were identified to genus, and,

when possible, to species. For each sample,

seeds were counted and weighed to the nearest

one-thousandth of a gram. Seeds >5 mmin

length or width were not included in the anal-

yses.

Data analyses . —We used a non-parametric

Kernel Home Range (KHR) estimator to de-

termine the size of the home range for each

bird; the KHRestimates the minimum area in

which a Savannah Sparrow had a specific

probability of being located (Worton 1995,

Seaman and Powell 1996). We calculated a

fixed KHR at 50% (core area) and 95%, and

calculated smoothing parameters using least

squares cross-validation (Seaman and Powell

1996, Hooge and Eichenlaub 1997). Cross-

validated fixed-kernel home ranges have been

found to be the most accurate of the home-
range estimators (Seaman and Powell 1996).

Weused the ANIMAL MOVEMENTSexten-

sion program for AreView 3.2 to perform cal-

culations of the 50% and 95% KHRestimates

(Hooge and Eichenlaub 1997). KHRestimates

were calculated separately for foraging and

roosting locations, and all locations combined
(combined home range). Consecuti\e loca-

tions for individual sparrows were separated

by a minitnum of 12 hr and we used only

those birds for which we had >20 telemetry

locations, 'fhis resulted in >20 locations for

foraging areas and combined home-range siz-

es but fewer (mean = 13) for roosting areas.

However, the standartl errors for foraging- aiul

roosting-arca estimates were similar and we
believe the tiata pro\idcd a good estimate of
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TABLE 1. Mean and range (ha) of winter home-range size, foraging area, roosting area, and core foraging

area, and number of telemetry locations (SE) for Savannah Sparrows (n = 28) on Padre Island National Seashore,

Texas, during January and Lebruary, 2002 and 2003. Home ranges and forging and roosting areas were calculated

using a 95% Kernel Home Range (KHR) estimator; a 50% core estimator was used for core foraging areas.

Area estimated Size (SE) Range in area No. telemetry locations

95% KHR
Home range 9.1 (1.8) 0.2-31.7 35 (1.8)

Loraging area 5.6 (0.8) 1.0-19.8 22 (1.2)

Roosting area 6.6 (1.0) 0.4-17.9 13 (0.8)

50% KHR
Core foraging area 0.9 (0.2) 0.9-4.

1

22 (1.2)

roosting patterns (Table 1). Each bird was fol-

lowed until the transmitter battery died, the

bird lost its transmitter, the signal disappeared,

or there was a conhrmed mortality.

A Kruskal-Wallis test was used to examine,

by habitat type, size differences in foraging

areas, roosting areas, and home-ranges. We
also compared mean distance traveled be-

tween foraging and roosting sites and tested

for differences in percentage overlap between

roosting and foraging areas among the three

habitat types. For all Kruskal-Wallis tests we
report the exact chi-square. All statistical anal-

yses were performed using SAS 8.02 (SAS
Institute, Inc. 1990).

Vegetation associations were evaluated by

comparing foraging and roosting locations

with each other and with paired randomly se-

lected points; we used paired r-tests to analyze

these data. We performed Shapiro-Wilkes

tests to determine whether variables were nor-

mally distributed. When appropriate, we trans-

formed data using a square-root transforma-

tion. To adjust for significance when perform-

ing multiple tests, we used the sequential Bon-

ferroni correction (Rice 1989). We used

Spearman rank correlation to test for a rela-

tionship between seed abundance and size of

the 95% foraging KHR. Home-range sizes and

vegetation characteristics are reported as

means ± SE.

RESULTS

Of 57 Savannah Sparrows fitted with trans-

mitters, we had a sufficient number of loca-

tions to calculate home-range size for 28

birds. With the exception of four birds dis-

cussed below, the birds excluded from anal-

yses were those that died, slipped their trans-

mitters, or for which we had insufficient data

(in 2002). There were three confirmed mor-

talities in 2002 and five in 2003. Because we
detected no differences in between-year

home-range sizes, we combined data from the

two winters. The mean home-range size (95%
KHR) was 9.1 ha and mean foraging and

roosting areas were 5.6 and 6.6 ha, respec-

tively; the mean core foraging area (50%
KHR) was 0.9 ha (Table 1). Wehad difficulty

locating four birds: two disappeared and two

exhibited large-scale movement. One sparrow

moved to a site approximately 2 km from its

point of capture, where it remained for 5 days

before returning and then permanently disap-

pearing. A second bird moved 800 m from its

point of capture, where it remained until it lost

its transmitter 6 days later. Each radio-tagged

sparrow foraged within a flock on at least one

occasion. When foraging in flocks. Savannah

Sparrows always foraged with conspecifics in

loose aggregations (birds 1-10 mapart but ap-

parently in vocal communication). We ob-

served a mean of 1.3 ± 0.4 (n = 43) sparrows

roosting within approximately 2 m of radio-

tagged Savannah Sparrows. Although we sus-

pect that radio-tagged Savannah Sparrows

were roosting only with conspecifics, this

could not be confirmed due to the difficulty

of identifying them at night.

There were no detectable differences in siz-

es of foraging and roosting areas among birds

using foredune, lagoon, and interior habitats

(xWg = 1-38, df = 2, P = 0.50; x^oosung
=

5.15, df = 2, P = 0.081; Table 2). Home-
range size did differ among the three habitat

types (x^ = 8.73, df = 2, P - 0.010; Table

2); mean home-range size of sparrows using

the foredune habitat was larger than that of
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TABLE 2. Kernel Home Range (95%) size (SE) for Savannah Sparrows, by habitat type, on Padre Island

National Seashore, Texas, during January and February, 2002 and 2003. Different letters within columns denote

significant between-habitat differences (Kruskal-Wallis test: P < 0.05).

Habitat (/;) Home range (ha) No. locations Foraging area (ha) No. locations Roosting area (ha) No. locations

Foredune (7)

Grassland (13)

Laguna Madre (8)

16.6 (3.3) A
7.0 (1.6) B
5.9 (1.7) B

34.0 (4.5)

33.2 (2.5)

41.2 (3.6)

5.7 (1.3) A
6.1 (1.0) A
4.4 (1.0) A

21.9 (3.1)

20.8 (1.5)

25.0 (2.0)

9.9 (1.4) A
10.0 (4.6) A

5.7 (1.8) A

12.1 (1.5)

12.4 (1.1)

16.2 (1.7)

sparrows using the other two habitat types.

The mean distance traveled between the center

of the estimated foraging areas and roosting

locations differed among the three habitat

types (x^ = 10.29, df = 2, = 0.026). Spar-

rows using foredune habitat traveled farther

between the centers of their foraging areas and

roosting locations (mean = 337 m) than birds

using interior grasslands (mean = 108 m) or

lagoons (mean = 107 m). The percentage of

overlap between roosting and foraging areas

differed among the three habitat types (x“
=

7.43, df = 2, P = 0.020). Overlap for spar-

rows using foredune habitat was minimal

(20%), whereas it was 45 and 55% for birds

using interior grassland or lagoon habitats, re-

spectively (Fig. 1 ). For example, there was no
overlap of roosting and foraging areas for bird

#279, but some birds using interior grassland

and lagoon habitats had roosting areas com-
pletely contained within the foraging area

(#840) or vice versa (#71); others had some
overlap, but also maintained distinct foraging

and roosting areas (#959).

Foraging areas had more bare ground and

less VORand horizontal depth than randomly

selected points. When compared with roosting

sites, foraging sites had more bare ground,

less total cover, and lower horizontal depth.

Roost sites had greater total cover and grass

cover than randomly selected sites (Table 3).

Seed biomass did not differ between for-

aging and random sites and was positively

correlated with the size of the 95% foraging

KHR (Spearman rank correlation: r = 0.68, P
= 0.042). On the other hand, seed abundance

was significantly greater in samples collected

at foraging sites compared with random sites

( Wilcoxon-Mann-Whitney (/-test = 62.5, =

0.043). 'fhere was no relationship between

seed abundance at foraging sites and size of

the 95% foraging KHR (Spearman rank cor-

relation: r = 0.28, P = 0.46). Seed biomass

and abundance included seeds of all shapes

and sizes that could be reasonably consumed
by Savannah Sparrows; seeds >5 mm in

width or diameter were excluded from the

analyses. The most common seed species

were present at both foraging and random lo-

cations and included little bluestem, Cypenis

spp., Eleocharis spp., camphorweed {Hetero-

theca subaxillaris), Dichanthelium spp., Pas-

palum spp., fall witchgrass (Digitaria cogna-

ta), and panicgrass {Panicum amarum).

DISCUSSION

Savannah Sparrows exhibited strong sed-

entary behavior within winters; the majority

of their foraging movements were restricted to

an average core area of approximately 1 ha.

The scale of movement detected in this study

was smaller than previously estimated. How-
ever, we did observe extremes in home-range

size ranging from 0.15 to 31.7 ha. We also

observed large-scale movements of two Sa-

vannah Sparrov.'s not included in the home-
range analyses, with one moving as far as 2

km from its point of capture. Two radio-

tagged sparrows disappeared altogether from

the study area. Using a flush-netting tech-

nique, Gordon (2()()0) recaptured 3.8% (within

winters) of the Savannah Sparrows banded on

7-ha plots, but had much higher recapture

rates for Baird's, Grasshopper, Vesper {Pooe-

cetes gra/ninens), and Cassin's sparrows. The
low recapture rate for Savannah Sparrows in

Arizona may indicate that the average winter

home-range size is larger there than it is in

coastal south fexas. or it may indicate that

radio telemetry is a more reliable method for

estimating home-range size and the tlegree of

sedentary behavior for this species. Our study

is the first to use radio telemetry to estimate

winter home-range size for Savannah Spar-

rows. 'file small, average home-range size in

south fcxas may iiulicate a reliable resource
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Foraging

VTA Roosting

Bird #840

(grassland)

Bird #959

(grassland)

Bird #71

(lagoon)

0.4 0.8

5 km

Bird #279

(foredune)

FIG. I. Examples of distribution of foraging and roosting areas within home ranges of four Savannah

Sparrows wintering on Padre Island National Seashore, Texas, January and February, 2002 and 2003. The

roosting area of bird #840 (interior grasslands habitat) was 100% contained within its foraging area; 71% of the

roosting area of bird #959 (interior grasslands habitat) was contained within its foraging area; 100% of the

foraging area of bird #7 1 fell within its roosting area. There was no overlap between roosting and foraging areas

of bird #279 (foredune habitat).

base to maintain sparrows within a small area

throughout the winter period. Alternatively,

Savannah Sparrows may tend to occupy rel-

atively small areas (1 ha) for short periods of

time (1-2 months), but may occasionally wan-
der at larger spatial scales during the course

of the winter (November-March). This could

explain the large-scale movement we ob-

served for two sparrows in this study, and the

high degree of variability in recapture rates

between sites in Arizona (Gordon 2000).

Movement patterns between roosting and

foraging sites have not been previously re-

ported for wintering Savannah Sparrows. The

mean distance moved from the center of for-

aging areas to roosting sites was 165 m, with
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TABLE 3. Comparisons of mean vegetative structure at foraging, random, and roosting areas within Savan-

nah Sparrow home ranges during January and February, 2002 and 2003 on Padre Island National Seashore,

Texas. Asterisks denote significant differences (paired r-test: P < 0.05) between paired locations.

Foraging versus Roosting versus Foraging versus
random areas (SE) random areas (SE) roosting areas (SE)

Variable Foraging Random Roosting Random Foraging Roosting

%Grass 66.2 (3.3) 59.1 (3.0) 76.9 (3.3)* 62.7 (3.4)* 68.9 (3.3) 69.0 (3.7)

%Forb 24.9 (3.0) 32.1 (2.8) 21.6 (3.3) 25.2 (2.5) 22.8 (3.0) 27.7 (3.7)

%Bare ground 41.7 (2.2)* 31.2 (2.1)* 30.6 (2.5) 35.8 (2.7) 41.8 (2.2)* 32.2 (2.2)*

%Leaf litter 8.1 (1.7) 7.4 (1.7) 4.1 (0.7) 8.5 (2.0) 7.7 (1.7) 6.0 (1.2)

%Total cover'’ 50.8 (2.0) 58.5 (2.4) 65.3 (2.2)* 53.8 (2.9)* 50.6 (2.0)* 61.8 (2.5)*

Vegetation biomass*’ 1.1 (0.1)* 1.5 (0.1)* 1.3 (0.1) 1.4 (0.1) 1.1 (0.1) 1.3 (0.1)

Horizontal depth (cm) 3.6 (0.5)* 6.8 (0.8)* 5.7 (0.6) 5.1 (0.7) 3.7 (0.5)* 5.4 (0.5)*

Maximum grass height (cm) 25.5 (1.7) 31.6 (1.9) 33.2 (1.8) 34.4 (2.4) 26.6 (1.7) 28.3 (1.5)

^ Total cover (grass, forb, woody).

•’Vegetation biomass as indexed by visual obstruction readings (Robel et al. 1970).

some iruJividuals traveling 400-600 m. BircJs

foraging along the foredunes (nearest to the

ocean) always moved inland to roost and trav-

eled the greatest distance to roosting sites;

there was little overlap between roosting and
foraging areas of these birds. The home-range
configuration of sparrow #279 illustrates the

separation of foraging and roosting locations

used by birds in foredune habitat (Fig. 1).

Foredunes, which sometimes extend no far-

ther inland from the ocean than 100 m, are

subject to the harshest environmental condi-

tions on the island. Movement inland by
roosting Savannah Sparrows is likely an at-

tempt to escape exposure to the persistent

winds coming off the Gulf of Mexico and to

find appropriate roosting microhabitat.

Savannah Sparrows, the dominant winter

sparrows on the island, foraged in open areas

either as solitary individuals or as members of

loosely spaced aggregations of conspecifics.

Open areas likely provide easier access to

available resources. These birds also foraged

in areas with higher seed abundance than ran-

domly selected locations, suggesting that they

may cue in on resource abundance. Gr/y-

bowski (1982, 1983) also found individual

and loose aggregations of Savannah Sparrows

foraging in areas with low vegetation height

and density. Although he did not examine Sa-

vannah Sparrows specifically, he found a pos-

itive relationship between avian density and

seed abundance. Variation in the abundance of

wintering emberi/id sparrows has been linked

to .seed production in southeastern Arizona

(Pulliam and Brand PJ75, Dunning and

Brown 1982). We predicted that foraging ar-

eas would be smaller where abundance and

biomass of seeds were greater. The lack of a

negative relationship suggests that factors oth-

er than seed abundance —such as proximity to

the coast, the distribution of suitable foraging

and roosting patches, or predator avoidance

—

influence winter home-range size and may
also influence the variation observed in Sa-

vannah Sparrow movements. The small sam-

ple size (nine birds) also may have contributed

to the lack of an observed relationship.

Savannah Sparrows foraged in open areas

within a matrix of open areas and denser veg-

etation. This was evident from the greater

vegetative biomass at random points com-
pared with that of foraging sites within indi-

vidual home ranges. Other studies report that

wintering Savannah Sparrows forage in open

areas adjacent to cover, and suggest that near-

by vegetative cover may offer protection from

predators (Pulliam and Mills 1977, Watts

1991). This has also been reported for other

wintering sparrow species (Lima 1990, Lima
and Valone 1991). The foredune habitat u.sed

by some sparrows on Padre Island is espe-

cially patchy, and may be attractive as forag-

ing habitat, despite the longer distances be-

tween foredunes and roosting sites.

Savannah Sparrow roosting sites were often

interspersed within or around foraging loca-

tions (Pig. 1 ), aiul they had greater total cover

than foraging and random sites. Greater hori-

zontal vegetation tlepth at roost sites may be

important because it provides space for birds

to roost aiul move under the vegetation with-
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out being exposed. Although temperatures
rarely dip below freezing in south Texas, fre-

quent winter storms and winds coming off the

Gulf Coast likely affect the energy expendi-
ture of roosting individuals. As a result, spar-

rows roost in areas that provide greater pro-

tection from climatic factors, and individuals

foraging close to the coast travel farther inland
to roost. Other studies of roost-site selection

suggest that individuals select sites with the

greatest microclimate protection (Kendeigh
1960, Gottfried and Franks 1975, Gyllin et al.

1976, Buttemer 1985). Greater cover could
serve to reduce predation risk and provide in-

creased protection from exposure, thus reduc-
ing overnight energy expenditure (Walsberg
and King 1980). We were able to approach
roosting Savannah Sparrows within 1 m, but
we were unable to determine the exact prox-
imity of individuals roosting in aggregations.
It was apparent, however, that some individ-

uals roosted close together. The mean number
of birds roosting in close proximity to each
other was low (<5 sparrows), but variation

was high. Wesometimes observed as many as

30 sparrows roosting in close proximity, sug-
gesting that Savannah Sparrows may derive a

benefit from communal roosting, such as re-

duced predation risk or energy conservation.
Other avian species also roost in aggregations
during the winter months (Walsberg 1990,
Heinrich 2003). With the exception of studies

on species that form large communal roosts,

studies of nonbreeding passerines have gen-
erally disregarded roosting behavior and
roost-site selection, often with the assumption
that diurnal movement patterns encompass the

roosting areas. Our study shows that the dis-

tribution of foraging and roosting habitat in-

fluences movement patterns and overall home-
range size; Savannah Sparrows often roost
outside of their foraging areas, and they have
specific habitat requirements for foraging and
roosting locations.
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